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Abstract
A method to correct pole densities (PD) for primary and secondary extinc-
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Descriptores: 
Ȋ difracción de rayos X
Ȋ textura
Ȋ extinción primaria
Ȋ extinción secundaria
Ȋ microestructura
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Results and discussion
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Figure 1. Cross-section images of grains distribution in Ni samples after 75% cold rolling 
(a) and cold rolling and annealing at 600°C during 30 minutes (b), obtained by optical 
microscopy
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Pole figures for cold rolled nickel sample
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Theoretical basis
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Figure 2. Pole figures for nickel sample after 75% cold 
rolling measured for 111 reflections with Cu KD KD (a) 
and Co KD (b) radiations and for 222 reflections with Cu 
KD (c) and Co KD (d) radiations
Figure 3. Pole 
figures for nickel 
sample after 
75% cold rolling 
measured for 200 
reflection with Cu 
KD (a) and Co KD 
(b) radiations and 
for 400 reflection 
with Cu KD (c) 
radiation
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(hklǼǰȱdynȱ ƽȱ ǻŗȱ Ƹȱ ȱ ŘΌǼȦŘȱ ȱ ȱ£ȱ ȱ ȱ
¢ȱĴǰȱHȱ ȱ ȱȱȱ de-
ȱȱȱȱĴȱȱȱȱȱ-
ȱǰȱ ȱȱȱ¢ȱȱȱȱ
theȱȬȱȱ ȱǻȱO ƽȱŖǯŗŚşȱǼȱ
ȱȱ ȱȱȱȱǯȱȱȱ
ȱȱ ¡ȱ ȱ ȱȱ ǰȱ ȱ ȱ
ȱȱȱȱ ȱȱȱ
ȱȱȱ¢ȱȱǻȱȱ
ȱȬ¢ȱ¢¢ǰȱŗşşŘǼȱȱěȱĚȱ
 ȱȱěȱȱǰȱȱȱȱȱŘǯ
 μ Qkin2Ȧ12(111) Qkin2Ȧ12(222) Qkin2Ȧ12(200) Qkin2Ȧ12ǻŚŖŖǼ
ȱ΅ ŜŘŞǯŗś ŗǯŚŘ ŖǯŚŝ ŗǯŘř ---
ȱ΅ ŚŖŝǯŗŞ ŗǯŖř ŖǯŚś ŖǯŞŚ ŖǯŘŝ
ȱ΅ ŚŗśǯŘŖŜ ŖǯŘŝ ŖǯŖŜ ŖǯŘŗ ŖǯŖŚ
Table 1. Calculated values of the absorption coefficient μ (cm–1) and the extra term of 
QkinC2/C1
2 (cm–1) for nickel for CoKD-, CuKD-, and MoKD- radiations and  
for different reflections
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ȱȱȱȱ ȱȱDȱȬȱȱǻ ȱȱ
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ȱȱȱĚǯȱǰȱȱ ȱȱȱȱ
¢ȱ ȱ ¢ȱ ¡ǰȱ ȱ ȱ ȱ ȱ
ȱȱȱȱȱȱ ȱȱD - radiation as 
ȱ ȱȱȱȱȱ ȱȱD - radia-
ȱȱȱȱȱȱȱȱȱĚ-
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Ěǯ
ǰȱ ȱ ȱ ȱ ȱ ȱ ¢ȱ
¡ȱȱ ȱȱȱ ¡ȱ-
ȱȱȱǯ
Pole figures for annealed nickel sample
ȱ£ȱȱȱȱȱȱȱȱȱ
ȱ ȱ ȱ ȱ ȱ ŜŖŖǚȱȱ řŖȱ
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DȱȱȱD- radiations 
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 ȱȱȱ¡ȱȱȱȱȱȱȱ
ȱĚȱ ȱěȱȱ ȱȱ lower 
ȱȱȱȱȱȱ ȱȱD - radiation 
 ȱǯȱȱȱȱȱȱěȱ ȱ
ȱȱȱ¡ȱȱȱȱȱȱȱ-
ȱĚȱȱȱȱŘǯśȱȱȱȱ
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ȱĚǯ
Ě ̎Mo (μm) ̎(μm) ̎(μm)
111 ŖǯŚşŜ ŖǯŜŝş Ŗǯŝřś
200 ŖǯŜŘŗ ŖǯşŖř ŗǯŖřś
220 ŗǯŗŚŖ ŘǯŗŜř Řǯŝŝŝ
řŗŗ ŗǯśśř řǯŚŗŗ ŘǯŝśŚ
222 ŗǯŜşş řǯŚŖŚ ŘǯŝŜŖ
ŚŖŖ ŘǯřřŖ řǯŚŗŝ -
Table 2. Calculated values of extinction length (/) for different 
reflections from Ni with radiations used
Figure 4. Pole figures for nickel sample after 75% cold 
rolling and subsequent annealing at 600°C measured for 
111 reflection with Cu KD (a) and Co KD (b) radiations 
and for 222 reflection with Cu KD (c) and Co KD (d) 
radiations
Figure 5. Pole 
figures for nickel 
sample after 75% 
cold rolling and 
annealed at 600°C 
measured for 200 
reflection with Cu 
KD (a) and Co KD 
(b) radiations and 
for 400 reflection 
with Cu KD (c) 
radiation
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ȱŘȱǯȱȱcomparison of PDs ȱ¡ȱȱȱ
ȱ ȱ ȱęȱ ȱ Ěȱ ȱ ȱ ȱ
ȱȱȱǰȱȱȱȱȱȱȱȱ-
ȱȱȱ ȱȱȱȱȱȱ
ȱȱȱ¡ȱȱŗǯŚȱǯȱȱȱȱǰȱȱ
comparison of PDs ȱ¡ȱȱȱȱȱȱ
ȱȱĚǰȱ ȱȱ¡ȱȱȱ
ȱȱŘȱǰȱȱȱȱȱȱȱȱǯ
ȱȱȱȱĚȱȱ¡ȱ-
ȱ ȱȱ ¢ȱ¡ǰȱ ǻȱ ȱ ȱ -
¢ȱ¡ȱȱǼȱȱȱȱęȱȱ
¡ȱ ¢ȱȱ ȱ ȱ¢ȱ ȱ ȱȱ -
ȱȱȱȱȱȱȱ¢ȱȱ
¢ȱ ¡ǯȱ ȱ ȱ ȱ ȱ
ǻ¢ȱet alǯǰȱŘŖŖŚǼȱȱȱȱȱȱȱȱȱ
ȱȱȱȱȱȱȱȱȱ
¢ȱȱȱȱǰȱȱȱȱ
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ȱǯ
Evaluation of the assumptions
(iǼȱ ȱȱȱ ȱȱȱȱĜȱȱ
the primary extinction (HǼǰȱȱȱ ȱ¡ȱĚ-
ȱȱĜȱȱę¢ȱȱȱ
 ȱǰȱȱǰȱȱȱȱȱȱ
ȱȱěȱ ǯȱȱĜȱ-
ȱȱȱȱȱȱ¡ȱǰȱǯȱǻśǼǰȱ
 ȱȱȱȱȱȱȱǰȱǯȱ
ǻŜǼǯȱȱȱȱdepends on the atomic scat-
ȱǰȱ ȱ ȱ ȱȱ Ěȱ is a 
ȱ ȱ ěȱ ȱ ȱ ȱ ȱ ȱ
ȱǰȱ ȱȱȱ¢ȱȱ
ratio of theȱ ȱȱtheȱȬȱȱȱ
ȱ ȱ ȱ ȱ ȱ ȱ ǯȱ ǰȱ
ȱȱȱȱ¡ȱȱȱȱȱ-
Ěȱ ȱ ȱ ȱ ȱ  ȱ ȱ
ȱȱ¡ȱȱȱǯȱȱȱŘȱ
ȱȱȱȱ ȱ¡ȱȱȱȱęȱ
ȱ Ěȱ ǻŗŗŗȱ ȱ ŘŖŖȱ ĚǼȱ ȱ ȱ
ȱ¢ȱȱȱDȱȱȱDȱǰȱ
ȱ ȱȱ Dȱ Ȭȱ ȱ ȱ ěȱ ȱȱ
ȱŘśƖǯȱǰȱȱęȱȱȱȱȱȱ
 ȱȱȱȱȱDȬȱȱȱDȱȬȱǯ
(iiǼȱȱ¡ȱȱȱȱȱȱ-
ǰȱ ȱȱȱȱȱȱĚȱȱ
¢ȱ¡ȱĜȱ ǻHǼȱ ȱȱ ȱ¢ǯȱ
ȱȱǰȱȱȱ ȱȱ-
ȱȱȱȱ¡ȱȱȱȱȱęȱǻPǻǼ) and 
the second (PŘǻǼǼȱȱ Ěȱ ȱ ȱ ȱŗȦŘȱ
ǻȱȱȱȱȱȱȱȱĚȱȱ
ȱȱŘȱǼǯȱȱȱȱ ȱȱ¢ȱ
¡ȱȱȱȱȱȱǻgȱƽȱŖȱȱǯȱǻŘǼǼǰȱ
the ratio is connected with the primary extinction 
ĜȱǱ
ȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱȱǯȱ ȱ ȱ ǻŝǼ
ǰȱȱȱȱHȱȱȱęȱȱĚȱȱȱ
ȱŖǯśȱȱȱȱlȦ̎ȱȱȱŘȱǻȱ-
ȱȱȬ¢ȱ¢¢ǰȱŗşşŘǼǯȱȱȱ-
ȱȱȱȱȱ¡ȱȱ̎ȱȱ
ȱęȱȱȱȱȱĚȱǻȱŘǼȱȱ
that the coherent domain size lȱȱȱȱȱ
ȱȱȱȱȱȱȱȱ¢-
ȱǰȱȱȱȱȱȱȱlȦ̎ȱȱ
ȱȱȱĚȱ ȱȱȱD - radiation 
 ȱȱȱŖǯřȬŖǯŚȱ ȱȱ ȱ ȱȱ¡-
ȱȱȱȱęȱǯȱȱȱȱȱ
ȱȱȱȱȱ¢ȱ¡ȱĜȱH
ȱȱŖǯşŜȬŖǯşśǯȱǰȱȱ¡ȱȱ
ȱ¢ȱ¡ȱĜȱȱȱȱ
ȱȱȱȱȱȱȱȱȱȱȱȱ
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Correction of pole figures and orientation distribu-
tion function
¢ǰȱ  system of ȱ ȱ ȱȱȱ ȱ
ȱȱȱȱȱȱǰȱas it was pro-
ȱ¢ȱǻ¢ȱet alǯǰȱŘŖŖŚǼȱ ȱȱǱ
   2( ) 2 1hkl Co kin Co cor Com CoP g Q C C PP  H  P H
   2( ) 2 1hkl Cr kin Cu cor Cum CuP g Q C C PP  H  P H ȱ ȱ ȱ ǻŞǼ
 
   2 2( ) 2 1hkl Cu kin Cu cor Cum CuP gQ C C PP   P
In a systemȱ  ȱ ȱ ȱ ȱ for the 
ȱęȱȱĚȱwithȱȱDȱȬȱȱȱD - ra-
diationsǰȱ ȱ ȱ ȱ ȱ ȱ for the 
ȱȱĚ withȱȱDȱȬȱȱȱǯȱ
ȱȱȱPmȱȱȱȱȱȱPcor is the 
ȱǰȱȱ¢ȱȱęȱȱǯȱǻŘǼǰȱǻřǼȱ
ȱǻŚǼǯ
ȱŜȱ ȱȱ ¢ȱȱȱȱŗŗŗȱȱ
ŘŖŖȱĚȱȱȱȱȱȱŝśƖȱȱ-
ȱ ȱ ȱ ȱ ŜŖŖǚǯȱ ȱ  ȱ ȱ ȱ
¢ȱȱȱ ȱȱǰȱ  a system of 
ȱȱǻŞǼǯ
ȱȱȱȱȱȱ¡ȱȱ£ȱȱ
ȱȱěȱĚȱ ȱȱDȱȬȱȱȱ
DȱȬȱȱȱ ȱȱȱȱȱȱ-
ȱȱȱȱȱȱȱ ȱȱ
ȱȱŜŖŖǚȱȱȱȱȱřǯ
ȱ ȱ ȱȱ ȱȱȱȱ ȱ¡ȱ
ǯȱȱ¡ǰȱȱȱȱȱȱ¡-
ȱȱȱȱȱŗŗŗȱĚȱǻȱŜǼȱ -
ȱȱřǯŝśȱȱȱȱŘŖŖȱĚȱǻȱŜǼȱȱ
ȱȱřǯŘȱȱȱȱ ȱȱȱ-
ȱȱȱȱȱȱȱęȱȱĚȱ
 ȱȱDȱȱǻȱŚȱȱśǼȱȱȱ
ȱ Ěȱ ȱ ¡ȱ ȱ ȱ ȱ
ȱȱŗŗŗȱĚǯ
ȱȱȱ£ȱȱȱȱȱęȱ-
ȱŗŗŗǰȱŘŖŖȱȱŘŘŖȱĚǲȱȱȱȱȱ
ȱŘŘŘȱȱŚŖŖȱĚȱȱȱŘŘŖȱĚȱǻŚŚŖȱ
ȱȱǼǲȱȱȱȱȱŗŗŗȱȱŘŖŖȱ
Ěȱȱȱ ȱŘŘŖȱ Ěȱ ǻȱ ȱ -
ȱȱȱŘŘŖȱĚȱȱȱȱŚŚŖȱĚȱ
ȱȱǼȱ ȱȱȱȱȱȱȱ
ǯȱȱȱȱȱȱȱŝǯ
ȱȱȱǰȱȱ¢ȱȱȱ ȱ-
ȱȱȱǰȱȱȱȱȱȱ-
ȱ¢ȱ ȱ ȱȱ ȱŗǯśȱ ȱ ȱȱ
ȱȱȱȱȱȱȱĚȱȱ
ȱŘȱ ȱ ȱȱȱ ȱ ȱ ȱȱ
 ȱȱȱȱȱȱȱȱȱȱȱ
ȱęȱȱĚǰȱ ȱȱȱȱ-
Sample ĚȱǻǼ PDM PDM PDMcorr
ȱ 111 ŜǯŞş ŝǯřŞ şǯŞŚ
222 ŞǯşŚ şǯŜŘ
200 ŜǯŜŞ ŜǯşŚ şǯŘŞ
ŚŖŖ şǯŗŗ
220 ŗŖǯŞś şǯŞŞ
ȱ 111 Śǯśŝ śǯŖŖ ŗŝǯŗś
ȱ 222 ŗŗǯŝŚ ŗŘǯŝ
200 şǯŝŞ ŗŗǯŚş řŗǯŜŚ
ŚŖŖ ŘŖǯŗř
220 Şǯŗŗ ŞǯŚś
Table 3. PDs in the maxima of PFs measured for 
different reflection with Cu KD (PDMCu) and Co KD 
(PDMCo) radiations as well as corrected ones (PDMcorr) for 
nickel samples after a cold rolling and cold rolled with 
subsequent annealing at 600°C
Figure 6. Corrected PFs taking into account the influence 
of extinction phenomenon for nickel sample after 75% 
cold rolling and annealing at 600°C for 111 reflection (a) 
and 200 reflection (b)
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Figure 7. Calculated ODFs for nickel sample after 75% cold rolling and annealing at 600°C using PFs measured for the first order 
reflections (a); for the second order reflections with Cu-KD radiation (b); and corrected PFs for 111 and 200 reflections and measured 
with Cu KD-radiation PF for 220 reflection (c)
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Figure 8. Calculated parameter of the primary extinctione for nickel sample after 75% cold rolling and 
annealing at 600°C for 111 and 200 reflections (a) and calculated average size of coherent domain l in these 
directions (b) in dependence on grains orientation. Straight lines indicate only the tendencies
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Figure 9. Calculated 
parameter of the secondary 
extinction g (a), average angle 
of disorientation of domains
Ā (b) and dislocation density 
ND in domain boundaries 
(c) for Ni sample after cold 
rolling and annealing at 
600°C for 111 and 200 
reflections in dependence on 
grains orientation
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